Introduction

54
Aversive conditioning, where a previously neutral stimulus or place is associated with an aversive 55 stimulus, can be used to study memory and other brain functions in laboratory rodents (e.g. Ellis In this paper, we present the results of an experiment which was designed to condition rats to 93 associate the presence of an odour with the positive experience of tickling. We hypothesised that if 94 rats learned to make the odour-tickling association, they would i) emit anticipatory USVs when 95 exposed to the odour prior to being tickled, ii) emit more 50 kHz USVs than control rats when 96 exposed to the conditioned odour following exposure to an aversive odour, and iii) would spend 97 more time in the arm of a T-maze containing their tickling odour. The rats were handled daily by the same person, and all handling, conditioning and testing took place 113 during the dark period. Over the course of 5 days, the rats were gradually habituated to being put 114 into a transport box (identical to the home cage, but with no water and feed available), and 115 transported within an opaque black sack to the conditioning room, which was illuminated by red 116 incandescent bulbs. The rats were also habituated to the conditioning arena -initially in pairs and 117 subsequently individually. The arena consisted of a Plexiglas tank (L x W x H: 66 cm x 41 cm x 41 cm), 118 bedded with sawdust. At one end of the arena, a thin metal plate was fixed centrally at the bottom 119 of the wall. During habituation, an empty stainless steel container (diameter 9.5 cm; height 3.7 cm; 120 Grundtal IKEA) with a magnetic base and a screw-top lid with a perforated plastic inset was affixed 121 vertically to the metal plate ( Figure 1a ). (Figure 1a) . A session began by moving the rat from its home cage in the 147 transport box to the conditioning room and placing the rat in the arena 10 cm from and facing the 148 container containing one of the two odours, A or B. The rat was left there for 1 min, and the rat was kHz USVs in tickled rats, and in a pilot study using only one odour, we found a significant difference in 176 50 kHz USVs emitted between tickled and control rats after four tickling days (Lam, 2017) .
177
Nevertheless, as two odours were used alternately in the present experiment, we chose to carry out 178 a total of ten conditioning days, alternating between odours A and B (Figure 1b ). This resulted in all 179 tickled rats being exposed to the Tickled procedure five times and the Not Tickled procedure five 180 times, and all the rats were exposed to both odours for the same amount of time over the course of 181 the ten days, including the Control rats.
183
For subsequent data analyses, the 50 kHz USVs for each rat were counted for the first (days 1 and 2) 184 and the fifth (days 9 and 10) conditioning sessions, using the method described by Brenes and 185 Schwarting (2014). These counts were divided into 50 kHz USVs emitted during the four tickling 186 periods (4 x 20s) and the three pauses (3 x 20s), as well as the 1-min habituation period prior to 187 tickling to detect any differences in potential anticipatory USVs. This grouping of 50 kHz USVs was 188 also done when the Not Tickled procedure was applied ( Figure 1b ). All counts were converted into 189 USVs/min. Occurrences of 22 kHz USVs were rare, and not included in the data.
191
The behaviour of the rats was logged from the video recordings. This was done for the three 20s pauses only, as the hand did not move and the behaviour of the rats at this time was therefore 
211
The rat was left in the arena for 3 min, and was free to explore both arms and the central arena.
213
Triple Odour test: The rat was placed in the same arena as used for the conditioning. The tests 214 consisted of 30-sec periods with no odour container present in the arena, interspersed with three 1-215 min periods, where a container was positioned containing the following odours in said order: 1) a 216 neutral odour unknown to the rat (Novel odour; a 5 % suspension of p-anisaldehyde, CAS no. 123-11-217 5, in mineral oil), which was assumed to have no aversive or attractive properties for the rats; 2) an 218 extract in mineral oil of fox faeces (Fox odour; faecal pellets originating from several male foxes and 219 soaked in mineral oil for 24h at 70°C, with extract diluted 1:6); this odour was expected to induce a 220 level of fear in the rats, and 3) the Tickling odour with which the Tickled rats had been conditioned, 221 and with half of the Control rats being exposed to odour A and the other half to odour B. The order 222 of the three odours were chosen so as to measure the response of the rats to first an unknown, but 223 neutral odour, then an unknown but fear-inducing odour, followed by the known conditioning odour.
224
We hypothesised that if the Tickled rats had learned to associate their tickling odour with a positive 225 experience, more 50 kHz USVs would be emitted by the Tickled rats compared to the Control group 226 when exposed to the conditioning odour, the latter having been exposed to the odour for the same 228 amount of freezing displayed by the rats during exposure to the three different odours was scored.
229
The USVs were registered in the same way as for the conditioning sessions. 
300
General discussion
301
Using an appetitive conditioning method, we aimed to condition rats to learn to associate the 302 presence of an odour with the positive experience of tickling. Our first hypothesis was that rats, 303 which had learned to make the odour-tickling association would emit more anticipatory USVs when 304 exposed to the odour prior to being tickled. This was not the case, as no differences in anticipatory 305 USVs were found between the treatment groups. Indeed, our use of the term anticipatory can be The second hypothesis was that more USVs would be emitted by the tickled than by control rats 322 when exposed to the conditioned odour following exposure to an aversive odour. We found an 323 increase in USVs produced by the tickled rats when their tickling odour was placed in the arena.
324
Given that 50 kHz USVs are indicative of positive affect (e.g. Burgdorf and Panksepp, 2006) , this 325 would indicate that the tickled rats had learned to associate the odour with a positive experience.
326
Ideally, we would have tested the conditioned rats with both odours, but the small number of 327 animals made this statistically inappropriate. However, the increase in 50 kHz USVs by the Tickled A 328 and Tickled B rats when exposed to their conditioned odour in the Triple Odour test was not simply 329 because the odour was known compared to the two previous odours, as the Control rats showed no 330 such increase in USV production. It was noted that exposure to the fox odour did not provoke neither 331 22 kHz vocalisations, nor freezing behaviour in the rats, indicating that this odour was less aversive 332 than anticipated.
334
We also expected tickled rats to spend more time in the arm of a T-maze containing their tickling 335 odour. This was found only for rats tickled in the presence of odour A. However, control rats 336 appeared to be more attracted to odour A, and for the rats tickled while exposed to odour B, this 337 preference for odour A was not evident. This could be an indication that they had developed an 338 attraction to odour B, which was sufficiently strong to eliminate a potentially intrinsic preference for 339 odour A. This corresponds to the findings from the Triple Odour test, where odour B appeared to 340 have a stronger effect than odour A (see Figure 5 ). Control rats also showed more freezing when 341 exposed to odour A in the Triple Odour test. Although freezing is often considered an indication of 342 fear, the behaviour is but a display of increased alertness, and the interpretation is context specific.
343
Exposure to oestrus odours can elicit freezing in rats (Nielsen et al., 2013 (Nielsen et al., , 2019 and this is enhanced However, when the rats were food-deprived, they showed only behavioural but 364 not vocal anticipation and when sated, the reward cue continued to elicit 50 kHz USVs despite being 366 variability among rats, giving rise to different types of responders . It is 367 evident from these and the present results that appetitive conditioning is likely to be more complex 368 and less effective than most aversive conditioning.
370
One protocol of rat tickling has been described in detail by Cloutier et al. (2018) . The benefit of this is 371 that it allows comparisons to be made if the same method is used across experiments. However, we 372 did not standardise the tickling method used in the present experiment, over and above the fixed 373 alternating periods of tickling and pauses. This was a conscious choice on our part, as we had 374 previously found a large individual variation in the response of the rats to tickling. Our experience 375 indicated that this variation was reduced if the rats were tickled and played with whilst allowing the 376 hand to react to the behavioural responses of the individual rat. In addition, as tickling is a playful 377 experience, it should be varied and unpredictable to the rats. Although the lack of standardisation 378 prevented us from comparing behaviour of the rats during the active tickling period, i.e. as the 379 behaviour of the experimenter varied slightly across rats and across sessions, we were able to use 380 the hand-seeking behaviour during the pauses to assess the likability of tickling for each rat. Tickled 381 rats showed more hand seeking behaviour and play jumping with simultaneously more 50 kHz USVs 382 emitted during the pauses between tickling, indicating that the tickling lead to a positive affective 383 state.
385
In conclusion, rats learned to associate an odour with the positive experience of being tickled, as they 386 increased their 50 kHz USVs when exposed to this odour in a test situation without tickling, 387 compared to control rats that had been exposed to the same odour for the same amount of time 388 without being tickled. However, no increase was seen in anticipatory USVs when exposed to the 389 conditioning odour prior to being tickled, and only one of the conditioning odours gave rise to a 390 preference by the tickled rats in a T-maze test. These findings indicate that rats can learn to associate 391 an odour with the positive experience of tickling, and positive odour conditioning may thus have 392 potential to be developed further with a view to replacing negative odour conditioning tests. Odour test for Tickled A, Tickled B, and Control rats. Tickled rats were exposed to their conditioning 572 odour as the third odour, and for the Control rats, half were exposed to Odour A and half to Odour B.
573
Asterisks indicate a significant increase in USVs (* P = 0.032; *** P = 0.001). 
